plus 250 ppm PCBs-5; group II-50 ppm /1-BHC; group 12-50 ppm /1-BHC plus 250 ppm PCBs-5; group 13-250 ppm 'Y-BHC; group 14--250 ppm 'Y-BHC plus 250 ppm PCBs-5; group 15-100 ppm 'Y-BHC; group 16-100 ppm 'Y-BHC plus 250 ppm PCBs-5; group 17-50 ppm 'Y-BHC; group 18-50 ppm 'Y-BHC plus 250 ppm PCBs-5; group 19--250 ppm PCBs-5; group 20-no addition.
The effective number of mice in each group is shown in tables 3 and 4. Animals in series I and II were housed individually in aluminum cages, with bedding under natural lighting conditions in an airconditioned room kept at 24° C. They received the experimental diets and tap water ad libitum, and were weighed weekly. After 32 weeks in series I and 24 weeks in series II, animals were fasted for 18 hours, killed with ether and examined macroscopically for tumors. The liver of each animal was weighed, and pieces were taken for histologic or ultrastructural studies. Mice dying during the experiment were excluded from the final effective number of animals.
For histology, tissues were fixed in 10% buffered formalin solution. All tissues were stained with hematoxylin and eosin; selected tissues received special stainings for amyloid material. For ultrastructural observations, samples of neoplastic or non-neoplastic areas from animals fed 500 ppm PCBs-5 were fixed with glutaraldehyde and osmic acid solutions. The fixed specimens were embedded. in Epon resin by. a routine method for electron miCroscopy. UltrathlO sections were stained with saturated uranyl acetate and then lead citrate and were examined in a Hitachi, Model HU-12, electron microscope. Sections for light microscopy were stained with 0.1 % toluidine blue in Veronal buffer, pH 5.0.
RESULTS

Experimental Series I
Liver changes: The changes in liver weight in each group are summarized in table 1. In general, the liver weight increased, in groups on diet supplemented with PCBs-5, -4, or -3, the greatest increase occurring in the group that received 500 ppm PCBs-5. Gross examination showed that 7 of the 12 mice in the latter group developed liver neoplasias. In these animals the liver had an irregular surface with many large, darkyellowish, or brown nodules of up to 1.5 cm in diameter ( fig. 1) . None of the mice in the other groups developed liver nodules. No cirrhotic changes of the liver were seen.
No metastatic changes or neoplasms in other organs were seen in mice with or without liver nodules.
Histopathologic findings: Groups fed PCBs-5 or PCBs-4 showed focal hypertrophy of the centrolobular liver cells in non-neoplastic areas. Nuclear enlargement in cells in hypertrophic areas was occasional, but mitotic figures, fatty changes, and necrotic signs in the cells were rare ( fig. 2) . Oval cells and bile-duct proliferation were also rare. In all groups receiving PCBs-5, -4, or -3, except those given 500 ppm PCBs-5 or PCBs-4, marked amyloid degeneration of the liver occurred in the space between the sinus endothelium and the liver parenchymal cells ( fig. 3 ). The hyaline-like amyloid material in the livers of these animals stained with iodine, periodic acid-Schiff reaction, and Congo red. Deposition of amyloid material in the liver was seen more clearly in groups receiving a low concentration of PCBs than in those given a high concentration (table 2) .
Liver nodules in the group fed the diet containing 500 ppm PCBs-5 were classified histologically, as described in (16), as hyperplastic nodules and welldifferentiated hepatocellular carcinomas. The areas of hyperplastic nodules were relatively clearly demarcated from non-nodular areas. In these areas, cells were hypertrophic with acidophilic cytoplasm. Their nuclei were relatively small and mitotic findings were rare ( fig. 4) . In areas of hepatocellular carcino- Ultrastructural findings: In carcinomatous areas, the cytoplasm of hepatocellular carcinoma cells had elongated, irregular-shaped mitochondria and a greatly increased amount of smooth endoplasmic reticulum. The number of free ribosomes was also increased. The cytoplasmic areas occasionally contained concentrated lamellar bodies of various sizes. The nuclei were irregular in shape, inclusions were frequently seen, and the nucleoplasm contained loose chromatin material and had low electron opacity. The nucleoli were enlarged and the nucleolonemas were deformed (figs. 7-9). In non-neoplastic areas, the liver cells also contained a slightly increased amount of smooth endoplasmic reticulum, but mitochondrial changes were relatively rare. Nuclear and nucleolar abnormalities of the cells also were rare ( fig. 10 ).
Experimental Series II
Liver changes: The changes in the liver weight in each group are summarized in table 3. In general, groups on diets supplemented with BHC plus PCBs showed a greater increase in liver weight than the group receiving BHC only. But the groups on diets containing only BHC or PCBs showed a greater increase in liver weight than did the control group. Table 4 gives the hepatic-neoplasm incidence for each group. Gross examination showed that livers with neoplasms had irregular surfaces with many large, dark-yellowish nodules of up to 2.0 cm. in diameter. No cirrhotic changes of the liver or metastatic changes in other organs were noted.
Histopathologic findings: The histologic changes and incidence of nodular hyperplasias and hepatocellular carcinomas in the livers of animals in the various groups are given in table 4.
Oval cell infiltration and bile-duct proliferations were rare in all groups. But hypertrophic changes of liver parenchymal cells in centrolobular areas were clear in groups that received a-BHC or {j-BHC plus PCBs or a-BHC alone. Among the 30 mice in the group given 250 ppm a-BHC, nodular hyperplasia was found in 23 (76. 7%) and hepatocellular carcinoma in 8 mice (26.7%). No hyperplastic nodules or hepatocellular carcinomas were seen in any other group fed a-BHC or {j-BRC only. However, some mice in the groups that received 100 or 50 ppm a-BRC or 250 or 100 ppm {j-BHC with PCBs developed nodular hyperplasias and well-differentiated hepatocellular carcinomas (fig. 6 ). The incidence of hepatocellular carcinoma in mice given 250 ppm a-BRC increased when the diet was supplemented with 250 ppm PCBs-5. No neoplastic changes were seen in groups fed a-BHe. The histologic patterns of nodular hyperplasias and hepatocellular carcinomas induced in mice by a-BHC or {j-BHC were not affected by supplementation of the diet with PCBs. The histopathology of neoplasms induced by a-BHC or {j-BHC was essentially the same as of that induced by PCBs in series I.
However, amyloidosis observed in the groups given PCBs only, in series I, was not seen in series II in the groups fed PCBs and BHC.
DISCUSSION
The results of series I show that hepatocellular carcinomas are induced in mice by PCBs (Kanechlor 500), which contains a large number of the chlorine compounds, but not by 2 other kinds of PCBs, Kanechlor 400 and Kanechlor 300. Histologically, the neoplasms induced III mouse liver by PCBs were nodular hyperplasia and welldifferentiated hepatocellular carcinomas. They were similar to those described previously, produced on administration of the a-isomer of BHC (14-16), and to those induced by other chemical carcinogens (17) (18) (19) (20) (21) (22) (23) (24) (25) .
The chemical structures of PCBs, BHC, and DDT are similar in that they are all annelated chlorine. compounds (9, 13, 14, 26). Nagasaki et a1. reported that rats were more resistant than mice to the hepatocarcinogenic action of BHC (27) . Recently, neoplastic changes in the liver of rats induced by PCBs were observed by Kimura and Baba (11). On histologic examination they found nodular hyperplasias but no hepatic cell carcinomas. This may reflect a greater resistance of rat liver than of mouse liver to PCBs.
In our work, in experimental series I, amyloid degeneration of the liver was seen in the groups that received PCBs-5, -4, and -3. Amyloid degeneration induced in mice by the chemical carcinogen, methylcholanthrene, was reported by Hirao et a1. (28) . The mechanism of amyloid degeneration of the liver induced by PCBs and the relation between the grade and the dose require further studies. Histologically, the liver nodules induced by PCBs-5 were nodular hyperplasias and well-differentiated hepatocellular carcinomas. Ultrastructurally, the carcinomatous and non-neoplastic areas appeared similar to those induced by a-BHC or DDT (31, 32) . The ultrastructure of the cells of hepatocellular carcinomas induced by PCBs or BHC was different from that of hyperplastic nodules developing spontaneously in C3H mouse liver (16, 33, 34) . Histologic findings in the liver, especially in areas of nodular hyperplasia and hepatocellular carcinoma in mice treated with BHC, were not influenced by treatment with PCBs. However, development of amyloid degeneration of mouse liver induced by PCBs was clearly prevented by administration ofBHC.
In analysis of the mechanism of the carcinogenic action of PCBs, further studies are also required on the promoting effects of PCBs on BHC-hepatocarcinogenesis. 
